Due to the strong suddenness, large destruction and wide impact, disasters can cause serious property and safety loss to tourists, damage significantly tourism infrastructure, properties and resources. In order to prevent disaster and to better understand future disaster risk evolution, we have built a comprehensive disaster risk evaluation model using selected 17 economic and social indicators from tourist destinations in Jilin Province based on the four-factor theory of natural disaster risk formation. The model was used to assess tourist destination disaster risk in Jilin Province for the period of 2009 -2014. Using GIS technology, we have developed a tourist destination disaster risk zoning map of 2009 -2014 for Jilin Province, classified the spatial evolution patterns of tourist destination disaster risk. Results showed that the increases in tourist destination disaster risks in Jilin may be spatially evolved by edge contact, sudden internal elevation, swinging and leaping; the decreases in tourist destination disaster risks may be spatially evolved by edge recession, sudden internal reduction and contiguous reduction. The disaster risk spatial evolution model is of value for the emergency department of Jilin Province to take specific emergency measures according to a particular pattern.
Accompanying global climate change, there is an increasing propensity in disaster frequency, intensity and scope of impact. Because the tourism industry is highly sensitive to disaster strikes, a disaster incidence may result in negative changes in the tourism industry or the dependent industries, and causes tourism concussion. Therefore, the tourism industry is the hardest-hit sector in the economy by disaster strikes (Pei Wei,2010) . The disaster risk in a tourism destination is the prediction of the future danger. Disaster risk assessment based on scientific and technological support is needed for tourism infrastructure planning, construction and zoning. Therefore, it is necessary to investigate systematically tourist destination disaster risks.
1.Tourist Destination Disaster Risk Definition and Research Development
There are many definitions for the tem "disaster risk". Maskrey defined disaster risk as the total loss caused by a natural disaster incidence(Makrey A1989). Smith defined it as the occurrence probability of a disaster strike (smith K,1996) . Tobin defined it as the occurrence probability multiplied by the expected loss (Tobin G A,1997) . Deyle defined it as the occurrence probability combined with the disaster consequence magnitude (Deyle R E,1998 ). Hurst defined it as the description of the probability and outcomes (Hurst N W,1998) . In order to quantifydisaster risks, many scholars have proposed various methods. Common methods are the following: ① Risk = Hazard + Vulnerability (Maskrey, 1989) ; ② Risk = Probability × Loss (Smith, 1996) ; ③ Risk = Probability +Vulnerability (Tobin, Montz, 1997 Nian) ; ④ Risk) = Hazard × Consequence) (Deyl, Hurst, 1998) ; ⑤ Risk = Hazard × Vulnerability × Exposure × Emergency response and recovery capability (ZhangJiquan,2007) . Among these five methods, the first four are similar, and the calculated risk size is a fixed value. For a given area, only a final risk value is obtained using the first four methods. It is hard to tell as to what give rise to the risk magnitude in the given area. The fifth method is comprehensive in risk quantification. Through the weighted calculation of the four contributing factors, not only the size of the disaster risk can be determined for a study area, but also how much each factor contributed to the final risk extent. Therefore, based on the definition of above, this paper used the following comprehensive definition for the disaster risk of a tourism destination: the risk extent of disaster strikes and probability of occurrence in the next few years are determined by the hazard (H), exposure (E), vulnerability (V) and disaster prevention and recovery capacity (R) combined.
Research in China about tourist destination disaster risks started late, and more studies were qualitative rather than quantitative. As the International Tourism Association and the World Tourism Organization recognized the importance of disaster risks, many domestic scholars began to study the issue. Liu et al (Liu Haolong, 20017) selected eight assessment indicators based on the magnitude of hazards, vulnerability of tourism resources and the capability of prevention and recovery, established a comprehensive evaluation model of disaster risks for eight scenic tourist resources in Inner Mongolia. Luo et al (Luo Zhenjun,2008) analyzed the major risk factors and mechanism of disasters in tourist attractions based on the tourists themselves, resort management and comprehensive social factors. Yuan et al (Yuan Hong,2003) discussed in detail from natural, social and development aspects about the disaster risk management characteristics and measures in tourist destinations. Zhao et al (Zhao Liming,2010) evaluated disaster risks according the frequency and destruction of disasters, assessed the system vulnerability from tourists, tourism resources, ecological environment and economy aspects, and assessed prevention and rescue capacity based on early warning, rescue and recovery capacity. Xi et al (XI Jianchao,2007) established a tourism risk assessment model from 14 selected assessment indicators of seven aspects, including traffic, security, health, accommodation, weather, tour route, medical rescue.
The above studies were mainly about the tourist destination risk definition and quantification methods regarding the magnitude of danger, the exposure and vulnerability of the hazard bearing body. According to the above definitions and quantification methods, we can see that all have a certain one-sidedness. Considered from a comprehensive point of view, tourist destination disaster risks have both natural attributes and social attributes. In addition to the above three aspects, disaster prevention and recovery capability must also be added to the tourism disaster risk (assessment). As such, the mechanism (comprehensive assessment scheme?) of tourism disaster risks is formed.
Tourist destination disaster risk refers to the degree to which disaster damages may reach in the next few years and its probability of occurrence. In other words, tourism disaster risk is determined comprehensively by hazards, the exposure and vulnerability of the hazard bearing body, prevention and mitigation capacity. (Fig1) . The tourist disaster risk cane be expressed mathematical below: Disaster risk = hazard (H) × exposure (E) × Vulnerability (V) × disaster prevention and mitigation capacity (R) -1 Risk refers to the degree of disaster abnormality in a tourism destination. It is mainly determined by the frequency and intensity of hazards of various activities. The greater the intensity and the greater the strength, the greater the risk is. Exposure refers to all factors threatened disasters, including all tourism resources, infrastructure, and other visitors. The more tourism resources, infrastructure, and tourists exposed to a disaster, the greater the exposure is. Vulnerability refers to the internal damages or loss of a given tourist destination, tourism resources, infrastructure, tourists in response to the disaster. The greater degree of the damage or loss, the greater the vulnerability of the disaster bearing bodies. The response and recovery capacity indicate the degree of short term or the long term inherent ability to recover from a disaster strike. The higher the recovery capacity in a tourist destination, the less the disaster losses and the extent of impact. 
Study Area
Jilin Province is located in the heart of northeast China (40 ° 51'-46 ° 18'N, 121 ° 38'-131 ° 17'E) (Fig1)., with a south to north width of 600 km, east to west about 750 km. The province suffers from many types of frequent natural disasters (floods, earthquakes, fires, low temperature, and cold hazards). These disasters have a great impact on the tourism industry in Jilin Province.
The main tourism resources in the province include Changbai Mountains (5A-class National tourist attractions), Jilin Rime, the Century Movie City, Jilin Songhua Lake, Koguryo Kingdom Cultural Site, Moon Lake, Changchun Puppet Palace and many other natural and cultural sites. The province is a famous tourist destination due to its natural and cultural tourist attractions. 
3.1.1.Natural Disaster Risk Index
Natural disaster risks refer to the possibility of a disaster incidence and the extent to which the disaster damage could reach in the next period of time. Generally, the risk is the combined effects of hazards, the bearing body exposure, bearing body vulnerability, and the response and recovery ability (Zhang Jiquan,2007) . The above four factors are indispensable in the formation of natural disaster risk. The risk index can be expressed as:
Natural Disaster Risk Index =Hazard×Vulnerability×Exposure×Recovery capacity
3.1.2.Grid GIS Technology
The grid GIS technology is an interdisciplinary field of the existing grid technology, spatial information technologies and geographical information technology. It is an application of GIS technology in a grid environment (Liu Haolong,2007) . Currently, there are two types of grids, namely the regular grid technology and irregular grid technology. The grid size (accuracy) and style are flexible, determined by the contents. Contemporary small-scale studies commonly use this method. In this paper, the city of Jilin is divided into 3260 squares using regular grids, 5KM×5KM per square. The travel disaster risks were evaluated for each square. This approach improved the spatial resolution and reasonableness of the risk assessment.
3.1.3.Weighted Comprehensive Assessment
The weighted comprehensive evaluation method assumes that due to the difference in the quantified value of indicator i, and each indicator i has a different impact on the specific factor j, the formula is:
Where, CV i is the total value of the factor being evaluated; is the ith indicator for factor j ( ≥0); WC i is the weight value of index i (0≤ ≤1), calculated with the AHP method. The number of evaluated indicators is m.
3.2.Data Sources
The meteorological data were collected from the meteorological department of Jilin Province. Terrain data and vector data for the study area were collected from the Earth System Science Data Sharing Network STRM system (90 m spatial resolution). Socio-economic data were from the "Jilin Provincial Statistical Yearbook," tourism statistics, conservation plans and tourism development plans in the local nature reserves, Jilin tourism master plan, Jilin and natural reserve list, and demographic data.
Tourist Destination Disaster Risk Evaluation
System, Model Construction and Risk Zoning
4.1.Index System
Jilin Province is one of the provinces of frequent disaster strikes. Major disasters include floods, droughts, earthquakes, landslides and mud flows. These disasters have a large impact on the tourism industry. In a short period of time, a disaster strike can lead to casualties, destruction of tourism infrastructure and resources.
Therefore, indicators were selected based on the disasterinduction process and the magnitude of impact on tourism, the frequency and magnitude of damages by a disaster strikes, environment geological structure, topography, climate, disaster trends, vegetation, water and human activities. Selected indicators should be scientific, simple, actionable, representative (Luo Zhenjun,2008; Yuan Hong,2003) . Following the above principles, 17 indicators were selected (Table 1) .
4.2.Evaluation Model
According to the mathematical formulas, combined with the tourism disaster risk evaluation system, using a weighted comprehensive evaluation method, the tourism disaster risk assessment model was established (Zhao Liming,2010; XI Jianchao,2007 ): (2) - (6) was the value of each indicator, W i is the weight value of each indicator, where the weight of the indicator was calculated using AHP method (Zhang,2007) .
4.3.Tourism Hazard Risk Assessment
Equations (6) - (9) were used to calculate the risk, exposure, vulnerability, recovery capacity values of each tourism disaster factor. The natural breaking points were used for grade assignment for all samples. Jilin tourist destinations were graded as low risk, sub-low risk, medium risk, sub-high risk and high risk, respectively. These indices were assigned to GIS grid (Chen Peng,2014; Sun Yingyue,2016) , produced the Jilin Province 2009-2014 tourist disaster risk level zoning map (Fig 2) . Based on the historical disaster and field investigation in jilin province, the evaluation classification standard of tourism destination security risk assessment is divided into five grades according to the natural fracture method. The classification standard is shown in the table below （Table 2）. 
Evaluation Result Verification
According to statistical yearbook from 2009 to 2014 in jilin province,the location and scope of the security incidents that threaten the tourist destination are sorted out and analyzed. It is found that there are more frequient security incidents in central jilin province,the frequency of security incidents in south and northeast Jilin province are lower than central Jilin province,and there are less frequent security incidents in westeast Jilin province. the result is consistent with the study, so the results of the study can be used to evaluate the safety risk of tourism.
Spatial Evolution Patterns of Disaster Risk in Tourism Resources
Based on the above findings, using the ARCGIS spatial analysis function, we analyzed the 6-year (2009 -2014) spatial change process in Jilin Province, including tourism disaster risk pattern changes between any two years. The results are summarized, obtained the spatial patterns of risk changes in Jilin. We proposed two tourist disaster risk spatial evolution modes: One is the risk increasing mode containing edge contact, swing, and sudden internal elevation and leaping patterns; the other is the risk decreasing mode, including the edge retreating, contiguous reduction and internal decreasing patterns (Table3). In the risk increasing mode, the edge-contact pattern is more obvious for 2009-2010, appeared in the eastern part of Jilin. The main reason for this pattern was that under the same disaster developing environment, the increase in hazard bearing body caused the elevation in the tourism disaster risk. The internal elevation pattern appeared in 2010 -the 2011. The main cause of this pattern was the changes in southern Jilin where the disaster development environment and the hazard bearing body changed: the tourism infrastructure, resources were gradually increased, eventually led to an internal sudden increase in the tourism disaster risk. The swinging and leaping patterns occurred mainly in Jilin City. Due to an increase in tourism resources, the number of tourists and tourism infrastructure, the tourism disaster risk was increased, but the next year due to the increase in disaster prevention and recovery capacity, the tourism disaster risk became smaller; Baicheng City increased investment in the recent years in urban construction, tourism facility construction, resulting in increased exposure and vulnerability of the hazard bearing body, thus resulting in an increasing trend in disaster risks in two years, but not sustained. In 2011--2014, due to the increasing disaster prevention and recovery capabilities, the disaster risk of the tourist destinations was reduced in recent years. The disaster risk reduction transfer patterns include edge retreating, contiguous reduction and internal sudden reduction. Among the three patterns, the cause for flooding risk reduction was similar. Due to little change in the disaster developing environment, a relatively stable disaster bearing body, but an increasing government disaster prevention and recovery capacity, the overall tourist destination disaster risks showed a trend where central Jilin Province tended to increase, while other areas tended to decrease. The above disaster risk patterns changed year by year, as a result of changes in disaster developing environment, hazard bearing body and disaster prevention and recovery capacity.
In summary, the tourism disaster risk changes can reflect the condition of disaster developing environment, the hazard bearing body and disaster prevention and recovery capabilities from year to year in the study area. These results provide the basis for decision making in tourism emergency management departments to take different emergency measures in different years. These results also provide a reference for monitoring tourism disaster risk transfer patterns.
Conclusion
In this study, we have built a comprehensive tourism disaster risk assessment model using a grid in which a unit square was 5KM × 5KM in size, utilizing the natural disaster index method, AHP and GIS technology. We evaluated tourist destination disaster risks in Jilin Province, and produced the Jilin Province 2009-2014 grid scale tourist destination disaster risk zoning map, and analyzed and classified Jilin tourism disaster risk spatial evolution patterns. The tourism disaster risk increasing patterns included edge contact, sudden internal elevation, swinging and leaping. The tourism disaster risk reduction patterns included edge retreat, sudden internal reduction, and contiguous reduction. By induction and analysis, we identified the causes of tourism disaster risk changes. These results can provide basis for tourism emergency management departments to make different decisions in different years, and also provide a reference for understanding tourist destination disaster risks.
